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HOW’S YOUR SWR? 
By Clayton F. Bane, WOWB 


How’s your standing-wave ratio? If you are looking for 
maximum performance from your beam, this is a question 
to which the answer should be, “low”. Formulas show 
that SWR up to about 3:1 represent negligible loss; the 
losses at 5:1 perhaps not being greater than 5 to 10%. 
These figures indicate that a certain portion of the power 
delivered to the line is not absorbed by the antenna due 
to reflection at the line termination but they do not take 
into account other possible losses attributable to the geo- 
metry and dielectric of the line itself. In the case of co-ax, 
this latter loss may reach sizeable proportions when the 
SWR is high. Also, when the beam antenna is used for 
both transmitting and receiving, high SWR on the line 
feeding the receiver is surely something to be avoided. 
More on this later. Now, something about the causes of 
high SWR and possible corrective measures. 


The basic cause of standing waves on a line is reflection 
back from the antenna, the line looking into an imped- 
ance other than its own characteristic value. In other 
words, mismatch. In such cases, the SWR is more or less 
a direct function of the actual degree of mismatch; a 52 
ohm line looking into a resistive antenna load of 108 
ohms would mean a 2:1 mismatch or a SWR of 2. This 
also works the other way—a 52 ohm line into a 26 ohm 
load would likewise give a SWR of 2. Now if we can 
bracket the center impedance of a close-spaced, 3 element 
beam as being between 8 and 15 ohms, it is readily con- 
ceivable that if a 52 ohm line were directly connected 
to this antenna, the resultant SWR would lie within the 
range of 3 to 6. If the driven-element were now to be 
changed to a folded-dipole, (with both conductors of 
equal diameter) these postulated antenna impedance 
values would be increased by about a factor of four. There- 
fore our original guess of from 8 to 15 ohms would be 
changed to 32 and 60 ohms and would now represent 
a SWR of 1.6 and 1.15 respectively. Plenty close enough, 
yet measured SWR values on typical beams have shown 
SWR up to 6:1! It is obvious that any of the more com- 
mon impedance transforming schemes will provide much 
closer match than such relatively high measured SWR 
would appear to indicate. As stated, if the 52 ohm line 
were connected directly without any matching system at 
all, the resulting SWR should not be over 6:1! The ex- 
cessive values obtained are generally attributable to the 
fact that the transmission line will not yield low SWR 
even if it is exactly terminated in its own characteristic 
impedance if this antenna impedance is not a pure re- 
sistance. 


Assume that the lengths of all elements of a close- 
spaced, 3 element beam were adjusted to dimensions given 
in the ARRL ANTENNA HANDBOOK. Making a fur- 
thur assumption of the use of a folded-dipole as the driv- 
en-element, say that a frequency of 14.1 was decided 
upon. It is fairly safe to state that at this frequency the 
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SWR would be around 3 or 4 to 1, even though the 
folded-dipole in conjunction with a 52 ohm line should 
yield a SWR of less than 2:1. The answer here is that the 
driven-element is not resonant to this frequency and the 
line is looking into both resistance and reactance, thus 
the SWR will never be as low as when reactance is not 
present. This points out a reasonable method for finding 
out a great deal about a beam antenna—simply make a 
series of SWR measurements throughout the operating 


band. 


It is of significance to note that the resonant frequency 
of the driven-element is radically effected by the lengths 
of both director and reflector since it is the coupled re- 
actance from these two parisitic elements that may make 
the antenna present a complex impedance to the line. 
In a close-spaced beam, (.1 and .125 wavelength spac- 
ing) the driven-element will almost invariably appear 
reactive at the frequency to which the beam is set by the 
accepted formulas. This doesn’t mean that the beam is 
not tuned—tuning a beam really means setting the various 
elements to lengths that will produce a given field 
strength pattern. This pattern may provide a maximum 
forward gain, maximum front-to-back or a combination 
of the two. The various formulas take this into account 
but they do not state that the driven-element will be 
non-reactive at the frequency where the desired pattern 
obtains. The fact that the driven-element presents re- 
actance as well as resistance to the line doesn’t make the 
beam any the less effective, it simply means that under 
these conditions the driven-element does not present the 
transmission line with the set of conditions most favorable 
for maximum transmission of transmitter energy to the 
antenna. 


The frequency where the driven-element presents a pure 
resistance to the transmission line can be determined by 
making a series of SWR measurements, (at about 100 
kc intervals) going from low to high frequency until a 
definite minimum SWR point is established. It will be ad- 
visable to remove any frequency sensitive devices from the 
line, (Bazookas, 4 wave sections, etc.) before starting 
these tests. Unless you use a folded-dipole, it would be best 
to directly connect the feeder into the center of the antenna 
if the later is open or by means of a small delta if closed. 
In the usual case, the SWR will gradually drop as the fre- 
quency is increased, pass through a fairly broad minimum 
then start to rise again as the frequency is still further in- 
creased. The frequency corresponding to the minimum 
SWR can be taken as that at which the antenna element is 
non-reactive. If you use a folded di-pole to obtain your 
line-to-driven-element match, the SWR value at this crit- 
ical frequency will be the lowest value that you can expect. 


Checks made on several close-spaced beams have shown | 
this minimum SWR point to be much higher in frequency 
than one might expect. Example: Formula 14.1 mc. Low- 
est SWR point found around 14.4 to 14.6 mc. If this 
is found to be so, it is apparent that the non-reactive 
point must be shi in some manner to correspond 
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to the desired frequency of the entire beam. The most 
obvious method for achieving this would be to alter 
the length of the driven-element; making it longer if 
the minimum occurs high in frequency, shorter if it 
occurs off on the low frequency side of the desired op- 
erating point. This admittedly is a “brute force” method 
and may have the disadvantage of altering the beam 
pattern. There is no reason why a simple “L” net- 
work cannot be made to do this job—the L/C parameters 
being adjusted to compensate for the reactance present at 
the driven-element. Such a network would have the very 
great additional advantage of being capable of establishing 
the proper match between line and antenna. Incidentally, 
one can make a fairly close approximation as to the center 
impedance of his driven-element by the SWR method out- 
lined.—such information being a “must” if even the most 
simple network is to be designed. (Any interest?) If im- 
pedance matching is not to be incorporated, the requisite 
network can be a very simple, two-terminal affair, i.e., a 
coil or a capacitor or a co-ax section used as a “stub.” (This 
idea in use at W6WB). 


Space running out on us, further discussion of network 
methods and procedure will have to be discussed at some 
future time. This of course if interest warrants. Now some 
pertinent summary: 


1.—The ability to load, (or not to load) the final ampli- 
fier is no criterion of the SWR. If the line length is such 
that a point of maximum voltage occurs at the transmitter, 
the impedance presented may be higher than the character- 
istic impedance of the line. If the length is such that a 
current maximum appears at this point, the impedance 
may be lower than the normal line impedance. Now since 
these voltage and current maximums shift position along 
the line as the frequency is changed it is obvious that 
with high SWR, the loading on the final will likewise 
change with frequency. If the line is “flat,” the load im- 
pedance should remain constant with frequency although 
this value of impedance may not provide proper amplifier 
loading with the particular pickup circuit used. The “Q” 
of the latter must bear a definite relation to the “Q” of the 
final tank circuit for proper coupling. Also bear in mind 
that with high SWR, the load looking into the final is 
generally complex,—it contains both resistance and reac- 
tance. The reactive part will detune your amplifier but 
you take care of this by restoring resonance, by adding to 
or subtracting from the tuning capacity. This is satisfactory, 
but how about the same effect on the input circuit of your 
receiver? 


2.—A highly reactive line coupled to your receiver will 
reflect’ reactance into the first tuned circuit and cause it to 
be detuned. This is readily licked on receivers that have 
a front panel trimmer on the RF stage but is not so good 
with receivers that have no method of front-panel com- 
pensation. In this case, a relatively simple network can 
again do the job. As an alternative, the feeder can be link- 
coupled to a parallel resonant circuit,—the input to 
the receiver being a tap on the inductor. This system 
can provide impedance matching as well as a means for 
cancelling line reactance. 


3.—The transmission line can also be snipped off, inch 
by inch, until a point is reached where the line will either 
look purely resistive to the transmitter or at least present 
an impedance favorable to proper loading of the final. The 
additional line length from antenna relay to the receiver 
nullifies this procedure as far as the receiver is concerned. 


4.—The SWR on the outside of a co-ax line bears no 
relation to the SWR on the inside. The standing wave on 
the outer sheath is induced by the antenna itself and the 
entire length of co-ax can and does act like any other end- 
fed antenna. Also, it will always be “hot” on the antenna 
end and unless the line is bonded to the tower at this and 
several other points, there is an excellent chance for blow- 
over at any top co-ax fittings. Add to this the distressing 
fact that, in most installations, the greater portion of the 
co-ax feeder is vertical and can radiate a circular pattern 
thus tending to radically effect the normal horizontal beam 
pattern. 


5.—The remarks throughout have applied to “close- 
spaced” beams and should not be taken as applying to those 
employing wide spacing. For example, the WORKSHOP 
wide-spaced three-element job maintains a consistently 
low SWR throughout an amazingly wide frequency range. 
This points up the thought of just what is meant by a 
“broad tuning” beam. ~ 


It is very likely that the actual pattern of a close-spaced 
beam doesn’t change any more with changes in frequency 
than does the wide-spaced beam. It is the value of reac- 
tance coupled into the driven-element that does the radical 
changing and gives the close-spaced beam its reputation for 
being frequency sensitive. The slope of the Frequency vs. 
SWR curve is such that the SWR increases quite slowly 
on either side of the minimum point buts starts rising 
rapidly beyond approximately 300 kc, plus or minus. 
If your operating point is far off to one side the minimum 
SWR point to start, you will be operating on the steep 
part of the curve. Thus the conclusions to be drawn from 
this paper would seem logical enough—set your minimum 
reactance point to approximately the center portion of the 
frequency range in which you intend to operate. By so 
doing, you will find it possible to operate over a much 
wider range while still keeping your SWR down to quite 
reasonable values. Above all,—measure your standing- 
wave-ratio—don’t guess. 


Complete theoretical and constructional 
data on various types of co-ax bridges 
suitable for SWR measurements can be ob- 
tained from the following sources: 


ARRL HANDBOOK, 27th Edition, 1950, P 494 
ARRL ANT.HANDBOOK,1949, Pages 129,-131 
RADIO HANDBOOK, 12th Edition. Page 242 
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IT’S HERE! 


THE BEAUTIFUL NEW 


Thorough and complete engineering and type-testing over a period 

of three years have gone into the HRO-50, a receiver that National 

regards as one of the finest that they have ever built. Many of the time-tried- 
and proven features of the famous HRO have been retained--a great many highly des- 
irable new features have been added. Circuitry consistent with the best of present 
day practice,--performance to fully meet the requirements of the most exacting 
amateur and commercial users, ---today---and tomorrow. 


HIGHLIGHTS =o .)...1- 

Two, high-gain RF stages, (using 6BA6 miniatures) 6BE6 mixer, 6C4 vol- 
tage regulated oscillator. Sensitivity, 1 microvolt or better at 6 db 
signal/noise ratio. Built-in, heavy duty power supply isolated by a 
heat-resistant baffle. Excellent oscillator stability,--front panel 
control for precise oscillator compensation. Antenna trimmer control 
on front panel. Provision for NFM adaptor inside receiver with front 
panel switching. Provision for 100/1000 ke crystal calibrator. Both 
units available as accessories. Excellent crystal filter. Noise limi- 


ter. Two I.F. stages, ratio detector. Input socket for Select-o-ject. 


The well known and highly regarded lock-in coil tray feature of the HRO 
has been retained in the HRO-50. This is a most effective frequency 
changing method when the band coverage must be great since it avoids 
the high shunt capacitance inherent in most band-switching receivers. 
Inductor Q can also be optimum for highest gain per stage. Shielding 
and isolation between RF, mixer and oscillator is of course excellent 


with this type of coil changing system. 


Get your order in now for this superior new receiver. 

HRO-50, with coils, AA,B,C and D covering standard 

amateur 160-10 meter bands. $335.00* less speaker. 
*(Prices slightly higher west of the Rockies) 


SELECT-O- JECT 


ANOTHER 
“FIRST” 


a worthwhile addition to any 
: communications receiver. 


NEW, 


GONSET LOW-LOSS. 


OPEN WIRE LINE 


Of particular importance to fringe 
area television installations where 
line loss must be minimized. 


Since this open wire line is practically un- 
affected by weather, it will maintain its low 
loss in beach or other high moisture areas 
where molded ribbon may show increased 
losses with ageing. 


Claimed by Gonset to be the 
lowest loss lead-in now 
manufactured! ! 


MECHANICAL: 
Wire, No.18 Formvar. 
Spacers, Polystyrene. 
Wire spacing, 1’’c/c. 


Insulator spacing, every 6’’. 


ELECTRICAL: 
Impedance, 450 ohms. 
Loss, .5 db/100’ at 200 mc. 
( 1/6 the loss of new molded ribbon. ) 


PRICE: 
-12 per foot, amateur net. 


Micro-Mateh wx: 


SWRINDICATORS “™ 


Three models available to cover most 
amateur and commercial SWR measure- 
ments. Direct reading, accurately 
calibrated. MM-1 for balanced lines, 
from 70 to 600 ohms. MM-2 for 52 or 
72 ohm co-ax. (not both). All will 
measure power output as well as SWR. 


Excellent for amateur or commercial in- 

stallations using moderate power, parti- 

cularly at ultra-high frequencies. Its ex- 

tremely low losses, ( .5 db/100’ at 200 mc) 
and stable characteristics at such frequen- 
cies result in greatly improved performance 
particularly when the line length must 

be appreciable. 


Model MM-1...... 29.50 net. 


aCe lta 37.50 net. 
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